. After development of root, in vitro plantlets were shifted from growth room to green house in polythene bags containing garden soil and humus mixture in ratio (1:1).
INTRODUCTION
Bananas are large perennial herb (Musa spp.) belonging to the monocotyledonous family Musaceae. Banana is an important and widely grown fruit crop in the tropical and subtropical regions of the world (Darvari et al., 2010; Rahman et al., 2013) . Banana serves as a source of instant energy and has lots of health benefits. In Pakistan, during the last five years banana has been grown on approximately 30 m ha with annual average production of 137 thousand tons (FAOSTAT, 2014) . Due to popularity of the banana fruits for their nutritional properties the demand is increasing continuously and hence production of healthy planting material is necessary (Al-Amin et al., 2009) . But because of the cultivation of susceptible cultivars, low soil fertility, higher wind velocity, drought stress and plants diseases, the banana production in Pakistan has reduced enormously. Genetic improvement *Corresponding author. E-mail: nazshaikh14@gmail.com. Tel: 03313598033.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License in banana through conventionally approaches is restricted mainly due to reasons like variable polyploidy level, seedlessness, low female fertility and rising of asexual progeny with desirable characters (Bidabadi et al., 2012; Devendrakumar et al., 2013) . The long term option for increasing banana yield could be the use of resistant varieties. Their multiplication through in vitro means could help to reduce the spread of pathogen to newer areas (Arvanitoyannis et al., 2008; Babita et al., 2013; Waman et al., 2014) .
Success in in vitro multiplication is based on the growth and differentiation of plant tissues, which is viable only by the addition of suitable growth regulators (Gaspar et al., 2003) . In shoot tip culture, cytokinins are known to enhance buds growth and shoot formation, while auxins promote root induction and development (North et al., 2012; Ngomuo et al., 2014) . Benzylaminopurine (BAP) combined with auxins (indole acetic acid and naphthalene acetic acid) exhibit synergistic effect and hence has also been used by number of researchers (Al-Amin et al., 2009; Jafari et al., 2011; Sipen and Davey, 2012; Ngomuo et al., 2013) . Tissue culture induced genetic variation in clonally propagated plant populations which may be genetic or epigenetic in nature; these variations are called "somaclonal variation" (Larkin and Scowcroft, 1981; 1983) . Such variation commonly occur in both in vitro and in vivo propagated Musa and had both positive and negative impact. Sometimes these variations create major obstacle for clonal uniformity (Nwauzoma and Jaja, 2013) but also exploited as source of genetic improvement of vegetatively propagated crops.
The present studies aimed at optimizing the kind and concentration of growth regulators for obtaining improved multiplications rate in high yielding genotypes of banana. This could help for area expansion of these superior exotic types in our country.
MATERIALS AND METHODS

Explants
For the establishment of in vitro shoot tip culture, suckers of three exotic genotypes of banana (Musa spp.) were selected from experimental field of Nuclear Institute of Agriculture (NIA), Tandojam, Pakistan. Of these two are triploid viz. "Yangambi" Yangambi Km-5 (AAA) and Giant Cavendish Tissue Culture Variant GCTCV-215 (AAA), while Fundación Hondureña de Investigaciones Agrícolas FHIA-23 (AAAA) is a tetraploid.
Surface sterilization of explants
For decontamination, isolated explants from suckers were treated with 70% alcohol and 10% sodium hypochlorite separately for one and 20 min, respectively. After washing with sterile distilled water explants was trimmed to a size of about 6 to 8 mm.
Media and culture condition
Prepared explants were then cultured onto MS (Murashige and ).
Root induction media
For rooting, in vitro healthy shoots (of 4 to 5 cm) were transferred to half strength MS medium supplemented with 1.0 mg L -1 indole butyric acid (IBA).
Data collection and statistical analysis
Experiment was conducted in Completely Randomized Design (CRD) with four replications per treatment. Data were taken at 4 weeks intervals after subculture and was recorded every day for bud initiation per explant, proliferation rate (%), multiple shoots per explant, fresh mass (g) and shoots length (cm). Data statistically analyzed, was based on mean values per treatments and using analysis of variance (ANOVA). Statistical software STATISTIX (8.1version) was used.
RESULTS AND DISCUSSION
In the present work, effects of different BAP concentrations (2.0, 4.0 and 6.0 mg L Tables 2 to 4 and their analysis of variance is presented in Table 5 . Result show significant (p≤ 0.05) differences for all studied parameters.
Effects of BAP and IAA on shoot proliferation and multiplication
Results indicate that in GCTCV-215 and Yangambi Km-5 (Table 2 and 4) . However, in FHIA-23 BAP alone had significant effect on bud proliferation as well as on multiplication (Table 4) . As compared to control, in GCTCV-215 Frequency of multiple shoot formation was 3 to 4 folds due to sub culture in the same fresh media. Current findings supported the earlier studies, which suggest that rate of shoot multiplication was dependent on specific genotype. Gubbuk and Pekmezcu (2004) and Ngomuo et al. (2013) suggested that apart from the genotypes behavior, shoot proliferation was also affected by exogenous cytokinin concentration in growth medium. Suitable cytokinins concentrations in medium inhabit apical dominancy and support initiation of lateral shoots (Jafari et al., 2011) . Besides, the presence of exogenous phytohormones, in vitro organogenesis depends on the interaction of various factors associated with the endogenous phytohormones, their concentrations, and rate of metabolisms and presence of nutrients in medium (Skoog and Miller, 1957; Ammirato, 1986; Ahmed et al., 2014) .
Effects of BAP and IAA on fresh mass and shoot length
Result shows that fresh mass significantly (p≤ 0.05) increased at 4.0 mg L -1 concentration of BAP along with 0.5 mg L -1 IAA in GCTCV-215 and Yangambi Km-5 (Table 3 and respectively, was reported by Anbazhagan et al. (2014) . In GCTCV-215 (6.80 cm) and "Yangambi" Km-5 (6.11 cm), highest shoot length as compared to control was observed in medium concentrated with 4.0 mg L -1 BAP + 1.0 mg L -1 IAA, while in FHIA-23 (4.96 cm), highest shoot length was observed in 4.0 mg L -1 BAP alone (Figure 3) . Results indicate that media supplemented with high level of BAP alone or in combinations with IAA relatively decreased the shoot length in all genotypes. In all genotypes, cytokinin (BAP) and auxin (IAA) showed an effective synergistic effect on shoot length. Jafari et al. (2011) and Dhed et al. (1991) reported that combination of BAP with IAA become more effective for shoot elongation. Other researchers reported nearly similar effect of BAP and IAA on shoot length (Iqbal et al., 2013; Rahaman et al., 2013; Ahmed et al., 2014) . According to examined data for highest shoots length, concentration of BAP 4.0 mg/L -1 in interaction with 1.0 mg/L -1 IAA was suggested as optimal for significant shoot length.
Conclusion
Presence of BAP along with IAA in the culture medium induced efficient shoot multiplication in selected genotypes than BAP alone and the effect was genotype dependent.
The optimum concentration of BAP for in vitro shoot multiplication of GCTCV-215, Yangambi Km-5 and FHIA-23 was 4.0 mg L -1 with 0.5 mg L -1 IAA. Hence, it could be used in future for in vitro propagation of these varieties of banana. It was also noticed that two genotypes GCTCV-215(AAA) and Yangambi (AAA) gave significant response in most defined media as compared to FHIA-23 (AAAA). Both belong to similar genomic constitution (triploid). So, maybe all genotypes behaved according to their ploidy level.
In future further study is required to carry out research work on the influence of ploidy level on micropropagation efficiency in Banana.
